Abstract. Sarcopenia has been reported to be associated with the prognosis of patients with liver cirrhosis and hepatocellular carcinoma (HCC). The aim of the present study was to determine whether sarcopenia was associated with the prognosis of patients with HCC treated with sorafenib. A total of 40 patients with HCC who were treated with sorafenib were evaluated. As an indicator of skeletal muscle mass, transverse psoas muscle thickness (TPMT) was measured on computed tomography images at the level of the umbilicus prior to treatment initiation and after 1-3 months of treatment. Pre-TPMT/height was not associated with progression-free survival (PFS) or overall survival (OS). The change in TPMT/height prior to and following treatment was also not associated with PFS; however, the change of TPMT/height was an independent factor affecting OS (P=0.020). A total of 40 patients were divided into two groups depending on the degree of TPMT/height loss (mild and severe muscle atrophy groups). Patients with mild muscle atrophy exhibited a significantly longer OS compared with patients with severe muscle atrophy (P=0.045). Thus, the change in skeletal muscle thickness calculated as TPMT/height may be a simple predictor of survival for patients with HCC treated with sorafenib.
Introduction
Sarcopenia is defined as the loss of skeletal muscle mass and muscle dysfunction, and is caused not only by aging, but also by chronic diseases, including liver disease (1) (2) (3) . The Japan Society of Hepatology set the sarcopenia assessment criteria in liver disease (4) . These criteria include measuring grip strength and muscle mass by computed tomography (CT) or bioelectrical impairment analysis (BIA). Recently, an increasing number of studies have demonstrated that sarcopenia may affect the clinical state of patients with liver disease (1) (2) (3) . Moreover, skeletal muscle wasting assessed by CT has been reported to be a prognostic marker for patients with hepatocellular carcinoma (HCC) treated with sorafenib (5, 6) . In those reports, skeletal muscle mass was usually measured by imaging modalities, such as CT and magnetic resonance imaging. However, costly specialized software is required to measure skeletal muscle mass. Durand et al recently reported that psoas muscle thickness on CT was easily calculated as muscle mass, and this may be a predictor of mortality in patients with cirrhosis, independent of the Model for End-Stage Liver Disease (MELD) score (7) . This simple method did not require specialized software.
The aim of the present study was to determine whether psoas muscle thickness predicts the prognosis of patients with HCC treated with sorafenib.
Patients and methods
Patients. This investigation was conducted in accordance with the tenets of the Declaration of Helsinki and was approved by the Ethics Committee of Nagasaki University Hospital (approval no. 16062720).
In total, 40 HCC patients (37 men and 3 women; median age, 71.5 years) who were treated with sorafenib at Nagasaki University Hospital between May 2009 and September 2013, were enrolled in this study. The 40 patients were divided into two groups on the basis of change in TPMT/height as follows: Mild atrophy group (n=20) and severe atrophy group (n=20).
The diagnosis of hepatitis and liver cirrhosis was made on the basis of CT imaging and blood analysis (platelet count, hyaluronic acid and type IV collagen). Liver function was evaluated using the Child-Pugh (CP) classification. HCC stage was classified in accordance with the guidelines of the Liver Cancer Study Group of Japan, 5th edition (8) .
Sorafenib was administered at doses of 800 mg or 400 mg/day, according to age, performance status (PS), and CP classification of the patients.
Measurement of skeletal muscle mass. As an indicator of skeletal muscle mass, TPMT was measured on CT at the level of the umbilicus prior to treatment initiation and after 1-3 months of treatment. Psoas mass thickness was normalized by division by height (7) .
Statistical analysis. The Kaplan-Meier method was used for progression-free survival (PFS) and overall survival (OS), and Cox hazard analysis was used to determine the risk factors for PFS and OS. In addition, differences in the curves were evaluated using the long-rank test. P-values of <0.05 were considered to indicate statistically significant differences. Statistical analyses were conducted using StatFlex software, version 6 (Artech Co., Ltd., Osaka, Japan).
Results

Patient characteristics.
The baseline characteristics and laboratory data of the patients are summarized in Table I . The liver function was normal in 2 patients, 11 patients had chronic hepatitis, and 27 had cirrhosis.
The etiologies of HCC were hepatitis B virus infection (n=11), hepatitis C virus infection (n=13) and others (n=16).
HCC stage II was diagnosed in 7, stage III in 10, stage IVa in 10 and stage IVb in 13 patients; 4 patients exhibited portal vein invasion (Vp).
The response of HCC to treatment was evaluated by a CT scan at 1-3 months after sorafenib treatment initiation. The median TPMT/height was 18.27±3.09 mm/m prior to sorafenib treatment. The change in TPMT/height prior to and after treatment at 1-3 months was 0.59±0.51 mm/m.
Complete response was reported in 0%, partial response in 7.5% (n=3), stable disease in 40% (n=16), and progressive disease in 42.5% (n=17) of the patients. The disease control rate according to the Response Evaluation Criteria In Solid Tumors v.1.1 (https://ctep.cancer.gov/protocoldevelopment/docs/recist_guideline.pdf) was 47.5%. The median PFS was 104 days, and the median OS was 365 days.
Univariate and multivariate analysis of factors possibly associated with PFS and OS.
Univariate analysis revealed that the factors associated with PFS were Vp2, α-fetoprotein (AFP), Lens culinaris agglutinin-reactive fraction of AFP (AFP-L3), and des-γ-carboxy prothrombim (DCP). Multivariate analysis revealed that AFP-L3 was an independent factor for PFS, whereas pre-TPMT/height was not associated with PFS.
Univariate analysis revealed that factors associated with OS were PS, CP class, serum aspartate transaminase (ALT) level, serum albumin level, AFP and AFP-L3. Multivariate analysis revealed that PS and AFP-L3 were independent factors for OS. Pre-TPMT/height was not associated with OS.
Furthermore, the association between each factor and the change in TPMT/height before and after treatment was examined. Univariate analysis revealed that the factors associated with PFS were Vp2, AFP, AFP-L3 and DCP. Multivariate analysis revealed that PS and AFP-L3 were independent factors for PFS. The change in TPMT/height was not associated with PFS (Table II) . Univariate analysis revealed that the factors associated with OS were PS, CP class, serum ALT level, serum albumin level, AFP, AFP-L3 and the change in TPMT/height. Multivariate analysis revealed that PS and the change of TPMT/height were independent factor for OS (Table III) .
Moreover, the association was examined when the patients were limited to those with CP score A (n=32). The change in TPMT/height was also an independent factor for OS (P=0.0439, hazard ratio=1.99271, data not shown).
The cut-off value for the difference in TPMT/height was 0.59 mm/m. Patients in the mild atrophy group had a Table III . Univariate and multivariate analysis of possible risk factors for overall survival. significantly longer OS compared with patients in the severe atrophy group (418±0.12 vs. 229±0.11 days, respectively; P=0.045; Fig. 1 ).
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Discussion
A number of previous studies reported the efficacy of sorafenib for the treatment of advanced HCC (9-11). However, sorafenib is costly and has been associated with severe adverse effects. Therefore, it is important to establish predictive factors for sorafenib therapy. Previous studies demonstrated that several factors, such as Eastern Cooperative Oncology Group PS and CP class A status were predictive factors for patients with HCC receiving sorafenib therapy (11, 12) . In recent reports, skeletal muscle mass loss was found to be significantly associated with malnutrition and poor liver function (13, 14) . Our study indicated that skeletal muscle thickness prior to treatment was not associated with PFS or OS in patients treated with sorafenib. However, the decreased skeletal muscle thickness prior to treatment was found to be associated with OS. Multivariate analysis also demonstrated that decreased skeletal muscle thickness and PS were independent predictors for survival time. This result indicated that these malnutritional factors were important for the survival of patients with HCC treated with sorafenib. Several recent reports indicated that decreased skeletal muscle mass was an important prognostic factor in patients with chronic liver disease and HCC (2, 3, 5, 6) . These results suggested that preventing reductions in skeletal muscle thickness may improve the OS of patients treated with sorafenib. The usefulness of nutritional support, such as branched-chain amino acids (BCAA), and exercise therapies to prevent the decrease in skeletal muscle mass were reported (3, 15, 16) . Only in patients with cirrhosis, supplementation with BCAA prevented skeletal muscle loss (BCAA vs. without BCAA, 0.64±1.04 vs. 1.56±1.77, respectively; P=0.10; data not shown).
Dual energy X-ray absorptiometry (DXA) (17) , BIA (18) and CT (19, 20) have been widely used to measure skeletal muscle mass. However, since DXA and BIA are sensitive to water composition, they are not considered suitable for patients with cirrhosis. Moreover, most institutions do not have the necessary equipment to perform these examinations. CT scans are commonly used to assess the status of HCC patients treated with sorafenib. Therefore, a number of used CT to assess patients with chronic liver disease or HCC.
The psoas area at the L3 vertebral level was used in studies on sarcopenia, as it is considered to be well-correlated with and may substitute whole-body muscle mass. However, the measurement of skeletal muscle mass in the psoas area requires specialized software. Durand et al reported that axial and transverse psoas thickness on CT scan at the level of the umbilicus was predictive of mortality in patients with liver cirrhosis, independent of the MELD score (7). This method did not require specific software and could be calculated over a short time on real time and on an outpatient basis; therefore, it was selected as an indicator of skeletal muscle mass.
The present study had several limitations, including the single-centered design and its small sample size. To validate the findings, large multicenter studies with a larger sample size are required. In addition, as TPMT/height was measured manually, the accuracy of this method may have been affected by different examiners.
In conclusion, the results of the present study suggest that the change in skeletal muscle thickness, which was calculated as TPMT/height, may be a predictor of survival in HCC patients treated with sorafenib, and preventing skeletal muscle loss may improve the outcome of such patients. 
